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Enhancing effect of dipyridamole inhalation on ade- 
nosine-induced bronchospasm hi asthmatic patients 

N- Crimi, F. Palermo, R, Oliveri, C, Maccarrone, B. Palermo, C. Vancheri, 

POLOSA & A. MtBTRSTTA 
Institute Of Respiratory DLsnUica, UnWcnrity of Cnumta, Italy 



The arudy was performed on 13- nndxizuitic puxicnta to -determine whether taW c a 
dipyridamole would ac^ directly by inducing btx>nchoconsirfct40n or indforccdy by pofCrt- 
ctadag the cdcnosmc-mduccd brafteho^Onftricrion. Tba *t«(Jy wns perform^ In "3 con- 
aeevtfve days. On the first <by i»dc*w*Iftc challenge wa* performed and the PD^ value 
calculated. On th& other dny* the ndcituwa challenge wua done 5 mm after raiidcnujied 
inhalations of dipyfldouxiolp V j ft control solution* The raain pc retail change in F&Y t 
after dipyridamole (A % - 2.0) and concrol sniutian (A % - hO> noc stgniHen^ 
Inhaled adenosine caused broncho cons trir.dori with * geometric m*im PD M of LOS mg« 
After control solution inhalation, a mean PD^ value of 1*31 mg won ohscrvtid, 
Dipyridajuole inhalation increased adenosine bypcrreapanttivcneas and in all tul^cc* 
ahlfWd Che doac»rtij*pcini*e eutvwi of adenorino ebotteapc (t > cho loft, with a mean PD J5 
-value of 0.40 m$. Thin cftltattdntf effect of dipyridamole woa significant when compared 
with the boadln* value (J* < 0,01) and control wtutSon (P < O.Ol). The inidy 
demonstrated that dipyridamole inhalation increased airway respa««vcxie** to adenosine 
in ait Kubjco*, Tl*ia effece Lt dutj to indirect activity of dipyridamole on ninvaya without 
change? in baud in* airway caliber. 

K*y umdrt adenosine; ndcntivihc-inducecl broncho spa*m; airway 'hypemjspQKuivsnw*; di- 
pyridamole 

A&xjrttd for fjubtic&hn 2 Otttbr 198? 



Coleman & Levy (4) demonstrated the spas- 
molytic activity of adenosine and adenosine 3*- 
*riphosphate (ATP) in a guinea pig isolated! 
tracheal preparation. 

• This spatsmolytic activity was enhanced by 
dipyridamole which was reported to inhibit ade~ 
nodne uptake (16), This inhibition in the 
uptake of adexvoauw leads to' the accumulation 
of extracellular adenosine and thereby causes an 
increase in blood 0p*r (18). ■ 

Several studies with .isolated tracheal prcpaxa- 
tktm have shown that adenosine produea a 
relaxation (X f 2, 5, 6, 13 ( 15). This response has 
been attributed to an increase in intracellular 
cAMP through stimulation of adenylate cyclase 
via purine receptors of the PI type (3). Adc- 
noaine ailbcts adenylate cyclase via two types of 

42* 



extracellular receptors; one a high aifinity 
inhibitory, receptor (A,), and the other (A^) a 
low affini ty stimulatory receptor (J 2, 20). 

It would be expected that adenosine acts as a 
bronchodilatbig agent by stimulating airway 
smooth, muscle adenylate cyclase in the same 
way as ^adrenergic drugs. However, previous 
studies (8*9,10,17) and our previously xt^orced 
observations (7) demonstrated .'that adenosine- 
induced broncboeoiistriction and thl$ mecha- 
nism is unknown* 

JDipyrxdainolc is a potent inhibitor of ade- 
nosine uptalccj but no significant bronehodilat- 
mg: effect ha* been previously demonstrated by 
oral dipyridamole and it did not enhance ,thc 
effect of 3 2 -adrcncrgic drugs (19), 

In a previous study Cushlcy ct id. (11) 
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demonstrated that intravenous infusion of di- 
pyridamole had a -small non-significant en- 
hancing effect on adenosine-induced broncho- 
eonsxriction m asthxnatie subjects* The effect 
of dipyridamole by inhalation was not investi- 
gated. 

The aim of this study was to determine 
whether .inhaled dipyridamole would act di- 
rectly by uiducing broncboconstrietion o* 1 act 
to potentiate the adenosinc-induced broncho- 
eonstrictiou in asthmatic subjects. 



PATIENTS AND METHODS 
Subjects 

The study was performed on 13 asthmatic 
patients (3 male and 9 female, age range 17 to 
46 years). All were selected from the AJlorgy 
Unit of Xcspiratory Disease in Catania* AH had 
a history of dyspnea with, wheezing or chest 
tightness on exposure to one or id ore airborne 
allergens and all had a positive skin test (Prick) 
to one or more common allergens They were 
non-smokers with normal cheat X-rays and 
none had features of other respiratory disease. 
At the, start of the study all patients were 
asymptomatic with F£V } . values not lower than 
70 % of their predicted normal value (Table 1)» 
The PD T£> value of adenosine challenge was 
measured prior to accepting the patients to the 
clinical study. All therapeutic treatment was 
discontinued at least £8 h before the study. 
Daring the trial, patients, avoided taking food or 
drinks (tea, chocolate, coffee) which - could inter- 
fere with the study. 

The protocol was approved by the Ethics 
Review Committee and consent was obtained * 
from each subject after .the natutc and reason 
for the study had been explained in detail. 

Study it&igh 

The study was conducted in £ consecutive days 
at the same time each morning. On the first day 
adenosine challenge was performed and the 
PD^ value calculated. On the following 2 days 
the adenosine challenge was done 5 mm after 



randomised inhalations of dipyridamole or con- 
trol solution. 

IrJuzlation test 

The Inhalation soludons were administered as 
aerosols generated by a nebulizer DcVUbiss 6*46 
with 2 ml solution and an airflow of 12 3/rniru 
Adenosine (Merck $£2/1451739) was prepared 
in 0.-9 % saline to produce a dose range 0.03-4 
mg; Adenosine challenge was ^performed by the 
standardized technique previously described 
(7). A doee (2,5 mg) of dipyridamole solution 
(Boeringher Ingclhclm) was administered by IS 
tidal breathings. 

The dipyridamole comprised: 

- dipyridamole 2,5 nag 

- distilled water " 0*946 ml 

- polyethylene glycol 600 50 mg 

- HCl IN 9 mg 

- tartaric acid 2 mg 

The solution in which dipyridamole was diluted 
was used as control. Dipyridamole and control 
solution were administered 5 min before the 
adenosine challenge, and OTV, was initially 
measured at i t 3 and 5 min intervals and then 
every 5 min until a higher value than the pre- 
vious was obtained. The dose of adenosine, pro- 
ducing 20% change in p£V { was calculated 
from the individual semilogarithmic dose- 
response curve (PD 20 ). 

Statistical analysis 

Mean PD^ and A % values were calculated 
using logarithmic transformation. 

Statistical analysis was performed by Stu- 
dent's paired t-test in order to compare changes 
in bronchial hyperreactivity and FEV,« A 
Wilcoxon's signed rank test was pcrfonned to 
compare the percentage of variation. 

RJSSULTS * ' 

Baseline PBVj did. not differ significantly on- the 
3 study days with mean values of 2,84 ± 0.27 1, 
2.92 db 0.37 1 and 2.86 ± 0,32 1 on the first day, 
the dipyridamole and the- control days,, rcspec- 
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Table 1 
Patient characturiitics 



No, 




Age 
tyvmn) 


Height 
(cm) 


Wctgitt 
«> 


Frctilctcd 

*ev, <i) 


Measured 

FEV, (i) 


% Fred. 


adkartosmc 




M 


40 


J 59 


73 


3,25 


2.70 


82 


IJK) 


2 


M 


25 


174 


76 




3.43 


02 


0.74 


3 


F 


29 


J37 


51 


iJ.OO 


2,87 


33 


1,40 


4- 


p 


34 


i53 


64 


2.B1 


£.73 


97 


1.60 


5 


P 


40 


150 


64 


2*49 


2.76 


lfO 


0.95 


6 


F 


20 


16D 


74 




2.63 


SO 


0.68 


7 


F 


47 


160 


55 


2,75 


3-14 


114- 


0M 


8 


F 


,32 


154 


£4 


2,&7 


2.73 


94 


1.25 




,F 


38 


152 


65 


2*70 


2.36 


37 


1,70 


10 


M 


45 


X76 




3.73 


2.54 


7& 


1.05 


n 


F 


33 


160 


ee 




2.83 


95 


0*7O 


12 


F 


29 


ICQ 




. 234 


3,10 


102 


1.02 


M . 




33.08 
sb-8.46 


8.4 


:fc ft.C 


j.oa 

± 0.467 


2.64 
*0.27 


!>3 
A U.71 


1,09* 
1*55* » 



*Ccomctric mean 
" *Ccomctric mam + 1 <SX> 



Table 2 

Main SD) Bwdmc 1 FEVj and after dlpydtlamcJc and 
control wiluuoa {lifeline 2) 

Treatment .Baadiiac 1 Baseline 2 % 

Dipyridamole 2.92 .± 037 2.8$ * 0.40 2.0 
Control aphiaan 2.HG t*; 0,32 2.S3 d: 0.36 J.O 



dvcly (Tabic 2)> A small eileet on baseline 
airway caliber was noticed after iubalation of 
dipyridamole and control solution, with mean 
values of 2.SS ± 0.40 and 2*33 ± 0*36* 
lively. The mean percent- change hx FKVj after 
dipyridamole (A % ~ 2,0) and control solution 
(A % «* 1.0) waa not &igni£cant. 

Inhaled adenosine caused bronchoconstric- 
tion widi a geometric mean PD^ of 1,09 mg. 
-After control solution inhalation* a rocaa PDa» 
of 1.31 mg was observed which waa .not sig- 
nificantly different fjram the mean haseline 
Valttc (Tabic S). Dipyridamole inhalation 
incrtuaeed adenosine hyperresporisivcnea* and 
in all subjects shifted the, dose-response cm ryes 
of adenosine challenge to die left with a mean 
FD^ value of 0.40 mg (Table 3). This 
e nhnnci ng d£Fcct of,, dipyridamole was signiil- 



EfTcct of dipyridamole and control solution on 
F.D-o adenosirve 



.Patient No. 


Baseline 


XHpyridnirtote 


Coiitrol 


\ 


1.90 


0.60 


2.60 


2 


0.74 


0.32 


1.56 


3 


1.40 


0.25 


1*88 


4 


1,60 


. 0^57 


2.24 


5 


0,95 


. 0**37 


1.12 


6 


0,68 


0.25 


0.40 


7 


0.91 


0.27 


0.37 


S 


1.25 


0.79 


2,70 




1*70 


0.55 


2.20 


10 


1,05 


0.29 


1.3d 


21 


0.70 


0*23 


0*43 


12 


1.02 


0.70 


2*10 


Geometric 










1.09 


0.40- 


X.31 - 


CM* 4* 5D 


t.55 


0.62 


2-70. 


"i* <! 0.01 V* b&ndurm XtitL tntitttsl 

candy different when compared with baseline 



value (P < 0,01) and control solution (P < 
Q.Ol). The mean percent change (A % ~ 
-14*5) in, BD^ value (Fig. - 1) * after dipyri- 
damole inhalation: w&a idg^aifTcant (P' < 6*01) 
compared with that obtained alter control 
soludon (A -% w *j&;5). 



08-01-19;17:33 



F I TZPATR i CK f CELLA ; 



# 8/ 5 



182 N T ORIMI &T Al* t 



< 

0 
3* 



CONTROL SOLUTION 
Q A FT Eft DIPYRIDAMOLE 



Fig. 1 % Foment changes in PD^ lifter lobulation 
dipyridamole and control solution. 



of 



adenosine receptors,, reaching a higher concen- 
tration, in bronchial tiasuc by inhaladon rather 
than mission. 

Infused dipyridamole could inhibit adenosine 
uptake to a higher extent in circulating- platelets 
than in cell tissue, probably because adenosine 
was rapidly inactivated. 

The mechanism of adenosine is still unknown 
even if several studies (12, 20) have demon- 
strated a direct action of adenosine on specific 
receiptors. 

In conclusion, our study demonstrated the 
potentiating 1 effect of dipyridamole by inhala- 
tion on adenosine brancoconstr^cticn* How- 
ever t further studies arc necessary to claxify the 
exact mechanism of adenosine broucboconstric- 
tion in asthmatic subjects. 



DISCUSSION 

The study confirms previous findings that ade- 
nosine Induced bronchoconstriction in asthma- 
tSc patients (7, 9, 10). 

Dipyridamole inhalation increased airway 
responsiveness to adenosine in all subjects, This 
enhancement U evident with dipyridamole but 
not with control solution. This effect is due to 
the activity of dipyridamole on airway* without 
changes in baseline airway caliber. Adenosine 
was snore potent in the presence of dipyri- 
damole, thus confirmmg previous in vitro studies 
(5, IS. 14). 

Dipyridamole is known to inhibit the uptake 
of adenosine, and the enhancement of ade- 
nosine activity on airways can be attributed to 
this property. This suggested that the broncho- 
constriction induced by adenosine Is mediated 
via extracellular adenosine receptors located on 
the cell membrane. Cushlcy ct aL (11) demon- 
strated that inftised dipyridamole was not able 
to enhance significantly airway reactivity to 
adenosine even, if a small decrease in the con- 
centration of adenosine was noticed in the pre- 
sence of dipyridamole. 

Our results suggest that dipyridamole infju- 
.ences direcdy the uptake of adenosine in airway 
tissue and probably acta directly on surface 
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